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Objective: To investigate the incidence of clinical problems related to a bicuspid valve (aortic stenosis and regurgitation) and the incidence of ascending aorta and aortic arch pathology in combination with coarctation repair. Patients: 124 adult patients after surgical correction of aortic coarctation were studied. The incidence of aortic valve, ascending aorta, and aortic arch pathology was determined using echocardiography and magnetic resonance imaging. The median age at coarctation repair was 9 years and at last follow up 28 years. Results: Three patients died from aorta pathology. Aortic valve disease was found in 63% of the patients, requiring an intervention in 22%, at a median of 13 years after coarctation repair. Ascending aorta dilatation was observed in 28% and aortic arch abnormalities in 23%, among whom kinking of the aortic arch was found in 12%. Antihypertensive medication was used in 24%. In the patients with hypertension the age at operation and age at follow up were significantly higher (p = 0.0001 and p < 0.0001, respectively). Conclusion: In addition to the well known problems of hypertension and recoarctation, aortic valve and aortic arch pathology are commonly encountered in patients with previous coarctation repair. Aortic abnormalities may predispose to dilatation and dissection, thus necessitating careful lifelong attention in all patients with coarctation. C oarctation of the aorta accounts for 8% of congenital heart disease. In the past, coarctation was considered to be a simple "correctable lesion" and surgery, first performed in 1944, was believed to be curative. In keeping with this belief, normotensive patients were often discharged postoperatively without long term follow up. However, as increasing numbers of patients with surgically corrected coarctation reached maturity, it has become clear that almost a third of patients become or remain hypertensive, despite correction of their lesion, with an increased risk of accelerated atherosclerosis and end organ damage. 1 Furthermore, recoarctation occurs in 3-35%. [2] [3] [4] The association of a bicuspid aortic valve with coarctation of the aorta is well recognised, but estimates of bicuspid valve in patients with coarctation range from 25-85%. 2 5 The clinical significance of a bicuspid valve in patients with coarctation is not well established.
To address these issues, we retrospectively studied patients after coarctation repair seen in our department for adult congenital heart disease with emphasis on both aortic valve and aortic arch pathology.
The specific purpose of this study was, firstly, to assess the prevalence of aortic stenosis or regurgitation in these patients; secondly, to assess how often dilatation of the ascending aorta and pathology of the aortic arch occur in patients with coarctation; and thirdly, to assess a possible correlation of aortic arch pathology with hypertension or recoarctation.
METHODS
All patients seen in our department for adult congenital heart disease with surgically corrected coarctation were reviewed. They were included in the study if at least two follow up echocardiographic studies were available, containing two dimensional imaging of the aortic root in long axis parasternal views and complete Doppler evaluation of the aortic valve.
Echocardiograms were performed with the use of standard commercially available equipment. Magnetic resonance imaging (MRI) of the thoracic aorta was performed.
Aortic valve morphology was examined by echocardiography in the two dimensional parasternal long axis and short axis views. The presence in short axis views of only two cusps in systole, diastole, or both identified a bicuspid aortic valve. The presence or absence of aortic regurgitation or stenosis was determined with the use of Doppler and colour Doppler echocardiography. The degree of aortic regurgitation was graded as minor, moderate, or severe. We report aortic stenosis as present if the peak velocity over the aortic valve with continuous wave Doppler velocity was > 2 m/s.
The diameter of the ascending aorta was measured with echocardiography and MRI perpendicular to the long axis of the aorta with use of the leading edge technique at the level of the sinuses of Valsalva. Dilatation was defined as a diameter of 40 mm or more.
Aortic arch morphology was examined with echocardiography and MRI. Abnormalities were categorised as arch hypoplasia, cervical aortic arch, or kinking of the aortic arch.
The diagnosis of recoarctation was limited to patients who underwent a reintervention for recoarctation.
Hypertension was considered to be present if medication for hypertension was prescribed.
Data were analysed by means of the Wilcoxon test or Fisher's exact test as appropriate. Age and duration of follow up are given as median values with the corresponding 25th and 75th centiles or with ranges.
A probability value of p < 0.05 was considered significant.
RESULTS
Of the 149 adult patients who had undergone surgery for coarctation and follow up at our department, 25 had inadequate echocardiograms. The baseline characteristics did (14), and graft plasty (10) . In nine patients the surgical technique was not described in detail. Associated intracardiac anomalies were recorded at the time of surgery in 46 patients (37%) (table 1). The median age at coarctation repair was 9 years (range 4-16 years). The time from surgery to the last follow up was 18 years (range 13-25 years). The median age at last follow up was 28 years (range 20-36 years). During follow up in the department for adult congenital heart disease three cardiac deaths occurred: one due to acute ascending aorta dissection 14 years after coarctation repair and one during aortic arch surgery 20 years after coarctation repair; the third patient died of aortic valve endocarditis with massive acute aortic regurgitation 18 years after coarctation repair.
Aortic valve disease
Forty eight patients had a bicuspid aortic valve, 30 patients had a trileaflet valve, and in 46 patients it was difficult to differentiate between a bicuspid and a trileaflet valve; thus, a bicuspid valve was found in 62% (48 of 78 patients). During follow up, aortic valve intervention was performed in 27 patients (22%): 16 for aortic stenosis, eight for regurgitation, and three for combined stenosis and regurgitation. Surgery was performed in 25 patients and two underwent balloon dilatation of a stenotic aortic valve. Figure 1 shows survival free of aortic valve intervention after coarctation repair. In the 97 patients without aortic valve intervention, 23 patients had aortic stenosis and 28 had aortic regurgitation (mild in 18, moderate in 5, and severe in 5 patients). In total, aortic valve disease was observed in 63% of our patients. Of the patients with a bicuspid valve this percentage was as high as 70%. Several factors have been suggested to be related to the development of aortic regurgitation, particularly hypertension, recoarctation, dilatation of the ascending aorta, and aortic arch pathology. 6 7 However, none of these factors was significantly correlated with aortic regurgitation in our series.
Aortic pathology
In 60 patients (48%) we found aortic pathology. Dilatation of the ascending aorta was found in 35 patients (28%). This was particularly prominent in patients with a bicuspid valve ( fig  2) . In 28 patients aortic arch pathology was established (23%). Of these, hypoplasia of the arch was found in 10 patients, a cervical aortic arch in 4, severe kinking of the aorta in 8, and both kinking and a cervical arch in 8; 2 patients had hypoplasia and a cervical arch.
Recoarctation
In 28 patients (23%) recoarctation occurred and was treated with surgery in 10 and with balloon dilatation in 18 patients a median of 16 years after the initial repair. Figure 3 shows the age at first repair in relation to the need for a second intervention. Patients operated on at younger age more often needed a reintervention for coarctation.
To assess the effect of recoarctation repair on the severity of aortic regurgitation we reviewed the six patients with Figure 1 Survival free of aortic valve disease. Figure 3 Age at operation in relation to recoarctation.
Aortic valve and aortic arch pathology after coarctation repairmoderate to severe aortic regurgitation who underwent an intervention for recoarctation. Regurgitation remained unchanged in four patients, increased in one, and decreased in one patient.
Hypertension
Of the 124 patients, 30 (24%) were taking medication for hypertension at the time of the last outpatient visit. Table 2 shows characteristics of patients with and without hypertension. In the patients with hypertension the age at operation was significantly higher than in patients without hypertension (13 v 6 years; p = 0.0001). Also, the age at follow up was higher in the patients with hypertension (38 v 24 years; p < 0.0001).
DISCUSSION
In this series of patients after coarctation repair, disease of the aortic valve or aortic arch was observed frequently. Aortic valve disease was found in 63% of the patients 19 years after coarctation repair, of whom a third needed aortic valve intervention at a median of 13 years after coarctation repair. Thus, aortic valve problems are a frequent cause of morbidity and mortality of coarctation patients. The association of aortic valve disease and coarctation is mentioned in several reports. 5 7 8 However, the incidence of aortic valve problems after coarctation repair found in our study is surprisingly high, necessitating careful lifelong follow up of all patients with coarctation.
A bicuspid aortic valve was found in 62% of our coarctation patients, which is in line with other reports. 2 5 However, the incidence of aortic valve pathology is higher than in studies of bicuspid aortic valves without coarctation, which emphasises the additional role of the coarctation in the development of aortic valve problems. [9] [10] [11] [12] It is likely that hypertension is a cause of the increased incidence of aortic valve problems. Furthermore, the remaining gradient over the coarctation region causes more stress on the aortic valve and aortic wall, resulting in aortic valve disease.
Nevertheless, we did not find any influence of repairing the recoarctation on the degree of aortic regurgitation.
Dilatation of the ascending aorta was found in 28% of the patients. One study has shown a high incidence of ascending aorta dissection in patients with coarctation and bicuspid aortic valve, probably caused by dilatation of the ascending aorta in combination with persistent hypertension. Others suggest that disease of the aortic valve and the aorta itself reflects an intrinsic abnormality of the media, possibly cystic medial necrosis. 6 10 13-15 We did not find a significant correlation between dilatation of the ascending aorta and hypertension. However, we lost one patient because of dissection, who indeed had a bicuspid aortic valve and a dilated ascending aorta in combination with hypertension. Further study is necessary to determine what features or combinations of features are the most important risk factors for aortic dissection in these patients. Whether prophylactic surgery of the dilated ascending aorta is indicated in these patients cannot be concluded from our data but a more aggressive approach seems appropriate, especially if we take into account other reports of ascending aorta dissection and substantial late mortality in patients with coarctation. 10 12 16 Aortic arch pathology, other than ascending aorta dilatation, was present in 23% of our patients. Not only arch hypoplasia, but also a cervical aortic arch and a striking number of patients with kinking of the aortic arch were found. These abnormalities of the arch may have an additional role in the development of hypertension and valve disease in these patients. Patients with kinking of the aortic arch more often were hypertensive than patients without kinking (38% v 22%), although, because of the small numbers, we could not prove that the difference was significant (p = 0.22). Kinking of the aortic arch has not been reported frequently, possibly because identification of this pathology was difficult before the era of high quality echocardiography and magnetic resonance imaging. In nearly half of the patients we found some form of pathology of the ascending aorta or aortic arch, apart from the coarctation, suggesting that this is a disease of all parts of the thoracic aorta.
Hypertension
In our study 24% of the patients were taking medication for hypertension, comparable with other studies. [17] [18] [19] We confirmed the clear relation of hypertension with age at operation and age at follow up, but did not found a correlation between hypertension and the incidence of aortic regurgitation. 20 
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Study limitations
The incidence of aortic valve and aortic arch pathology may be slightly overestimated as a result of patient selection because a complete cohort of patients who had undergone surgery was not described. However, we followed up the majority of patients after their operation in our centre. In comparison with other coarctation cohorts, our patients had fewer associated heart defects, which is compatible with less selection of more complex coarctation patients. 22 It is more appropriate to assume that the high quality of diagnostic tools give better insight into the real incidence of this pathology.
Conclusion
In addition to the well known problems of hypertension and recoarctation, aortic valve and aortic arch pathology are commonly encountered in patients with previous coarctation repair. Aortic abnormalities may predispose to dilatation and dissection, thus necessitating careful lifelong attention in all coarctation patients. After stabilising his condition, transoesophageal echocardiography documented a circumferential pericardial effusion and an associated hypokinetic inferior wall. Further evaluation allowed visualisation of a myocardial rupture near the apex (panel A) while Doppler colour flow imaging exposed flow from two sites with each systole (panels B and C).
The patient underwent emergency heart surgery and a 1.2 cm rupture caused by myocardial infarction was found near the apical posterior wall. The patient had an unremarkable postoperative period and was well upon follow up one month later.
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